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The properties of the beta amino acid transport system were examined in cultivated rat brain 
astrocytes, using the specific probe, beta-alanine. The uptake of beta-alanine is thought to be glial 
specific. Beta-alanine was not actively transported and the intracellular accumulation was not altered 
by coincubation with GABA, alanine, glutamate, or methionine. We suggest therefore that beta- 
alanine is passively taken up by a mechanism distinct from the transport system for GABA. 
Brain is a highly heterogeneous tissue, and therefore the role of specific cell types 
in any dynamic process is difficult to ascertain 9. Thus, it is of  interest to determine the 
uptake properties of  amino acids in pure preparations of each brain cell type. 
Astrocytes appear similar to brain in the properties of  the amino acid uptake 
systemslL Amino acids are accumulated against a concentration gradient and 
transport systems discriminate between classes of  amino acids on the basis of  
structural featuresaL Methionine (L-system) and alpha-aminoisobutyrate (A-system) 
are both actively transported by primary cultures of rat brain astrocytes 4-6. Further- 
more, methionine uptake is altered by elevations in extracellular K +4,5. 
Astrocytes have been postulated to transport the beta amino acid analog beta- 
alanine (BALA) by a carrier-mediated system 10, which is inhibited by GABAT, a°, 
suggesting that GABA and BALA may be transported by the same carrier system. 
Furthermore, BALA uptake has been postulated to be a marker for central astrocytes, 
and peripheral satellite cells ~0. We present evidence to show that beta-alanine is not 
actively transported by astrocytes in vitro, and therefore may not be an astrocytic 
marker. 
Astrocytes were grown in culture as previously describedL Briefly, cerebra of  3- 
day-old rats are minced, trypsinized, and placed in Eagle's Minimum Essential 
Medium containing 10 ~ fetal calf serum. At an initial density of one cerebrum per ten 
60 mm dishes, cultures are confluent (104 cells) in 12-14 days. Confluent cultures 
ubiquitously stain with the astrocyte-specific stains phosphotungstic acid hematoxylin, 
and Cajal's gold sublimate stain 3, suggesting homotypic purity. Cultures prepared by 
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very similar techniques have been shown to stain for glial fibrillary acidic protein 1. 
Cultures were used at confluence, 48 h following the last feeding. 
BALA uptake was determined by procedures previously described '~ for the 
uptake of methionine 4,'~ and alpha-aminoisobutyrate 6. Briefly, BALA (Sigma Chemi- 
cals, St. Louis, MO) and tracer radiolabeled BALA (beta-[amino-3H]alanine, spec. 
act. 36 Ci/mmol, New England Nuclear, Boston, MA) were added to approximately 
104 confluent cells at 37 °C. At various times thereafter, the buffer q- BALA was 
aspirated, the cell monolayer washed with ice-cold 0.9 ~ NaCI and disrupted in an 
aliquot of 0.2 N perchloric acid (PCA). The PCA-soluble fraction was collected, 
neutralized and counted. Non-specific binding was determined by rapidly adding ice- 
cold buffer +- BALA, followed by immediate aspiration, washing and subsequent 
treatment as above. Experimental values are presented with the non-specific binding 
subtracted. 
The buffer used throughout these experiments contained 5.3 mM KCI, 150 mM 
NaCI, 1 mM CaClz, 600 #M MgCl2, 1.6 mM KH2PO4, and 4.3 mM NazHPO4, pH 
7.2. Protein was determined by the procedure of Lowry et al. s. 
For neutral amino acids, active transport may be defined as accumulation 
against a concentration gradient. To quantitate the concentrative accumulation, 
([intracellular]/[extracellular] or distribution ratio), cell protein was assumed to 
constitute 10 ~ and water to constitute 80 ~ of the wet weight. Uptake indicated as 
per mg protein is considered to be equivalent to uptake per 8 /~l of cell water. We 
assume that BALA is dispersed in the pool of intracellular water. 
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Fig. 1. Beta-alanine uptake was measured as described in Materials and Methods for concentrations of 
0.01 mM (A), 0.05 mM (Ak), 0.1 mM (©), 0.5 mM (O), 2.5 mM ([]) and 5.0 mM (~) .  The log of beta- 
alanine uptake is shown as a function of time. The buffer contained 6.9 mM K +. Each point represents 
the mean of duplicate determinations on 3-5 cultures. The standard error was, in each case, less than 
15 % of the mean. 
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TABLE I 
Distribution ratios of beta-alanine uptake 
Distribution ratios were calculated from the data in Fig. 1. Intracellular water was assumed to be 
8 pl/mg protein. 
Extracellular In t race l lu lar  Distribution ratio 
(raM) (mM) 
0,01 0.0075 0.75 
0,05 0.0375 0.75 
0.10 0.075 0.75 
0.50 0.250 0.50 
2.50 0.75 0.30 
5.0 1.88 0.375 
B A L A  uptake approached a steady state by l0 min when incubated in a buffer 
containing 6.9 m M  K ÷ (Fig. 1). The calculated distribution ratios for B A L A  at 10 min 
demonstrate  that  B A L A  is not  actively t ransported into central astrocytes in vitro 
(Table I). Johnson and Stephenson 7, and Schon and Kelly 1° showed that  rat brain 
uptake o f  nanomolar  concentrations o f  B A L A  was inhibited by G A B A  in the high 
micromolar  or  low millimolar range. Since cross-inhibition between amino acids o f  the 
same class is commonly  seen with concentrat ion differences o f  100-fold or less lz, we 
considered that  the specificity o f  G A B A  antagonism o f  B A L A  uptake was open to 
question. Thus we examined whether G A B A  (putatively beta system), glutamate and 
alanine (putatively A system), or M E T  (putatively L system) would competitively 
inhibit the uptake o f  BALA. B A L A  at 2.5 m M  was tested with GABA,  glutamate, ala- 
nine or  MET,  each at 1 mM to determine the effects on the B A L A  uptake during a 2.5 
rain incubation. None  of  these amino acids inhibited B A L A  uptake (Table II). 
Schon and Kelly 10 showed that  rat cortical astrocytes and satellite cells of  sensory 
ganglia accumulated radioactivity after 20-30 min incubations with [3-3H]beta - 
TABLE II 
Effect of amino acids on beta-alanine uptake 
Amino acids at 1.0 mM concentration were coincubated with 2.5 mM BALA in confluent cultures 
of astrocytes for 2.5 minutes in buffer containing 6.9 mM K +. Uptake measurements are means of 
3 determinations, ± S.E.M. 
Agent B,4LA uptake % of control uptake 
(nmoles/mg 
protein~2.5 min) 
BALA alone 7.2 d_ 0.86 100 
÷ Methionine 10.1 ± 0.86 139 
÷ GABA 7.5 ± 1.60 103 
÷ Glutamate 7.9 i 0.50 109 
÷ Alanine 13.4 ± 2.11 184 
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alanine.  They repor ted  some evidence o f  metabol i sm even at short  t imes o f  incubat ion,  
and  the radioact iv i ty  in their  p repara t ion  seemed to resist solubi l izat ion by a ldehyde  
fixation and dehydra t ion .  Their  results suggest to us that  as t rocytes  and satellite cells 
may differentially metabol ize  BALA,  but  that  there is no evidence of  specificity of  
uptake,  except as a passive process  secondary  to metabol i sm.  Alanine,  glutamine,  
M E T  and G A B A  do not  compete  with B A L A  for uptake,  and thus, p r imary  as t rocytes  
do not  appea r  to have a beta t ranspor t  system which specifically recognizes BALA.  
Fur the rmore ,  G A B A  does not  inhibi t  BALA uptake,  suggesting that  G A B A  t ranspor t  
and  B A L A  uptake  are media ted  by dist inctly different mechanisms.  Beta-alanine is 
taken up passively, perhaps  by simple diffusion, and thus its uptake  should not be 
viewed as an astrocyt ic  marker  in vitro. 
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